Abstract -Flavone (Fl), genistein (Gen) and kaempferol (Kol) were studied for their affinities towards human serum albumin (HSA) in the presence and absence of Pb
INTRODUCTION
Flavonoids are the most important polyphenols in plants such as fruits, vegetables, nuts, and tea (Ghosh et al., 2009; Sepehr et al., 2009 ). Investigation of flavonoids from dietary sources has attracted great interest for their nutritional and medicinal effects on humans. Most of their biological activities are likely related to the antioxidant abilities of flavonoids (Krafczyk et al., 2010; Perez-Fons et al., 2010) . The structural differences between flavones significantly affects their absorption, metabolism, and bioactivities (Wen, 2006; Wolfe and Liu, 2008) . Flavonoids have wide clinical uses.
Human serum albumin (HSA), the most abundant protein in the serum, is the most important drug carrier protein. HSA aids in the transport, distribution, and metabolism of many endogenous and exogenous ligands, including fatty acids, amino acids, metals ions, and numerous pharmaceuticals, and contributes significantly to the colloid osmotic pressure of blood (Carter and Ho, 1994; He and Carter, 1992; Liu et al., 2010) .
Human serum albumin (HSA), the most prominent protein in the plasma, binds different classes of ligands at multiple sites. HSA provides a depot for many compounds, affects pharmacokinetics of many drugs. The studies on the interaction between plasma proteins (serum albumin) and small molecule-drugs have been an interesting filed of research in life science, chemistry and clinical medicine. The affinities of drugs for proteins affect the concentrations of free drug and consequently contribute towards the intensity of their biological actions in vivo (Yazhou et al., 2007) . Furthermore, there are also many metal ions in blood plasma. They participate in many biochemical processes. Some plasma proteins usually act as sequestration agents of metal ions (Kraghhansen, 1981) and have a variety of metal sites with different specificities. The phenomenon of HSA molecular conformational alterations caused by metal ion-HSA binding has been observed. The binding of metal ions such as Cu 2+ , Ni 2+ , Zn 2+ , and Co 2+ to serum albumins has been widely reported (Laussac and Sarkar, 1984; Liang and Shen, 1994; Liang et al., 1998; Liang et al., 2001; Sadler and Viles, 1996; Shen et al., 2000; Xiao et al., 2009) . Interactions between bovine serum albumin (BSA) and HSA and daunorubicin (Zhou et al., 1992) , 5-fluorouracil (Zhou et al., 1994) in the presence of metal ions has also been reported.
Many metal ions can form complexes with drug molecules, thereby affecting some of the characters of the drug. It is reasonable to expect that metal ions affect the interaction of clinical drugs with HAS in a ternary system of drug-protein-metal ion, and thus the distribution, pharmacological properties and metabolism of the drug. Therefore, it is necessary to investigate the interactions of proteins and drugs in the presence of metal ions. The study of binding phenomena will be important in providing basic information on the pharmacological actions, biotransformation, and bio-distribution of drugs.
In this paper, we discovered that certain metal ions lowered the affinities of flavonoid-protein compounds. Flavone, genistein and kaempferol were studied for their affinities for HSA in the presence and absence of Pb 2+ , Cu 2+ , Zn 2+ , Mg 2+ , Mn 2+ . 
MATERIALS AND METHODS

Reagents
Apparatus
Fluorescence experiments were performed on a Varian Cray/E spectrofluorophotometer (Palo Alto, USA). UV-vis absorption spectra were carried out on a Varian Cary 50 UV-vis spectrometer (Palo Alto, USA).
Fluorescence spectra
The fluorescence spectra were recorded in the wavelength range 310-450 nm after excitation at 280 nm when the HSA samples were titrated with the metal ions or flavonoids. The slit widths, scan speed, and excitation voltage were kept constant in each data set. Quartz cells (1 cm path length) were used for all measurements. Titrations were performed manually by using trace syringes. In each titration, the fluorescence spectrum was collected with 1.0×10 -5 mol/L of HSA. The experiments were repeated and found to be reproducible within experimental errors. 
Data process
Fluorescence quenching was described by the SternVolmer equation:
where F 0 and F represent the fluorescence intensities of fluorophore in the absence and in the presence of quencher, Kq is the quenching rate constant of the bimolecule, K SV is the dynamic quenching constant, τ0 is the average lifetime of the fluorophore without quencher, and [Q] is the concentration of quencher.
In many instances, the fluorophore can be quenched both by collision and by complex formation with the same quencher. In this case, the SternVolmer plot exhibits an upward curvature which is concave towards the y-axis at high [Q]; F 0 /F is related to [Q] (Xiao et al., 2008a; Xiao et al., 2008b , Xiao et al., 2009 ):
where K D and K S are the dynamic and static quenching constants, respectively.
The binding constants were calculated according to the double-logarithmic equation (Bi et al., 2004; Jiang et al., 2003; Lu et al., 2001; Zhou et al., 1994) :
where K a is the binding constant and n is the number of binding sites per HSA. Upon addition of flavone, genistein and kaempferol to the HSA solution, the fluorescence quenching of HSA is observed (Fig. 2) . The fluorescence intensity attenuated gradually with increasing concentration of these three flavonoids. Approximately 64.99%, 60.7%, 74.50% of fluorescence intensities were quenched when the concentration of the flavonoids reached to 8.0 μmol/L (Fig. 2) . The extent of the fluorescence attenuation is in the order: genistein < flavone < kaempferol. In addition, kaempferol resulted in a blue-shift of the λ em of HSA from 336 to 330 nm; flavone showed an obvious red-shift of the λ em of HSA from 336 to 342 nm; genistein did not cause an obvious blue-shift or red-shift of the λ em of HSA. The obvious shift of the maximum λ em of HSA is indicative of changes in the immediate environment of Trp residues (typically, the polarity of Trp residues and the hydrophobicity of the hydrophobic cavity of has). The hydrophobic groups are in the interior of the tertiary structure and the polar groups are on the surface of native proteins. The emission of HSA may be blue-shifted if the indole group of Trp is buried within the native protein, and its emission may be red-shifted when the protein is unfolded. The result suggests that a greater change in the immediate environment of the Trp residues occurred and that flavonoid was in close proximity to or on the surface of the Trp residues. The buried indole group of Trp could be redeployed in a more hydrophobic envi- (1.0 ×10 -6 mol/L). λex=280 nm; HSA, 1.00 ×10 -5 mol/L; a-j: 0.00, 1.00, 2.00,. 8.00 (10 -6 mol/L) of flavonoids. ronment after the addition of flavonoid. Thus, the molecular conformation of the protein was affected. This is in agreement with a recent study that showed that the tertiary structure of proteins changes upon binding of flavonoid. These results also indicated that the quenching effect of flavonoids on HSA fluorescence depended on the structures of flavonoid. Fig.  3 shows the Stern-Volmer plots for the HAS fluorescence quenching by flavone, genistein and kaempferol. The Stern-Volmer plots largely deviated from linearity toward the y-axis at high flavone, genistein and kaempferol concentrations, which indicated that both dynamic and static quenching were involved for flavonoids on HSA fluorescence. , further attenuation in the fluorescence of HSA was observed (Figs. 4, 5, 6, 7, 8) . When flavone, genistein and kaempferol at the final concentration of 8.00 μM was added to HSA-Pb 2+ system, the fluorescence intensities decreased by 42.62%, 44.34%, and 67.11%, respectively. In addition, the obvious blue-shifts of the maximum emission of HSA with the addition of these three flavonoids were observed in the presence of five metal ions; the extents of the shifts induced by the flavonoids in the presence of five metal ions were obvious. The λ em wavelengths of HSA induced by flavone, genistein and kaempferol changed from 336 nm to 342 nm, 334 nm, and 330 nm in the presence of Pb , respectively. As can be seen from the curves, the Stern-Volmer plots largely deviated from linearity toward the yaxis at high kaempferol concentrations. However, the Stern-Volmer curves for flavones and genistein are linear. 
RESULTS AND DISCUSSION
Relationship between the binding constants (Ka) and the number of binding sites (n).
The obtained values for n (1.08~1.31) correspond to the binding sites with high affinity. The existence of the low affinity sites was not studied in this work. Using the measured values of unbound drug fraction, the calculated number of binding sites increased with increasing concentrations of the compounds. The number of binding sites (n) is different from the number of molecules actually bound to the sites. The number of molecules bound to the binding sites of a biological macromolecule follows a binomial distribution if the number of binding sites is fixed. When binding to the receptor with n sites is considered, with K d = 1/K a the dissociation binding constant (affinity of the binding site), it is necessary to have the ligand concentration roughly equal to 10*K d to occupy 90% of the binding sites. The low affinity site (K d equal to or greater than 1000 μM -1 ) was practically unoccupied (compared to the binding sites with high affinity), and thus was not detected at the low concentrations of flavonoids used in the experiments. If the number of low affinity sites is significant (for instance 10 with Kd = 1000 μM -1 ), binding to them will be comparable to binding to a single high affin- ity site. This is because the increase in the quantity of sites leads to an increase of bound ligands. Thus, the number of binding sites increasing with increasing binding constant can be used to evaluate the models. The relationship between the log10(Ka) and the number of binding sites (n) between flavonoids and serum albumins is shown in Fig. 16 . The values of log10Ka are proportional to the number of binding sites (n). This result confirms the equation (1) used here and is suitable to study the interaction between flavones and HSA.
